correctly sorted, we examined the cell surface distriburescence) was also restricted to dendrites ( Figures 1B  and 1C) . tion of the GFP-tagged proteins by incubating living cells with species-specific primary antibodies against Cell surface immunostaining for NgCAM-GFP was also highly polarized ( Figure 1D) ; like untagged NgCAM, the ectodomain of the expressed protein. As expected, cell surface TfR-GFP immunostaining was detected exthe concentration of NgCAM-GFP on the axonal surface was 5-to 10-fold higher than on the dendritic surface clusively in dendrites ( Figure 1A) . Total TfR-GFP (cell surface and intracellular, represented by the GFP fluo-(Jareb and Banker, 1998). Unexpectedly, intracellular 
NgCAM-GFP was not polarized (Figure 1E). At 24 hr after
In the case of TfR-GFP, accumulation of GFP fluorescence in the dendritic plasma membrane was not obviinfection, GFP fluorescence was present throughout the ous. The staining pattern remained predominantly puncdendritic arbor, as well as in axons ( Figure 1E ). Untagged tate even at late times after the onset of expression. NgCAM detected by immunostaining in permeabilized This is not surprising, since TfR recycles rapidly between cells was also abundant in dendrites, indicating that the plasma membrane and endosomes; at steady state, the GFP tag did not direct NgCAM to an inappropriate only a small fraction of the protein is present at the cell intracellular compartment (data not shown).
surface (Warren et al., 1997). To examine the relative proportions of GFP-labeled exocytic carrier vesicles GFP Chimeras Label Mobile, Exocytic Vesicles versus endosomes, we incubated living neurons exHigh magnification images of living neurons expressing pressing TfR-GFP with primary antibody for 30 min beTfR-GFP or NgCAM-GFP revealed that these proteins fore fixation. Bound antibody in endosomes was then were associated with discrete tubulovesicular organdetected by permeabilizing cells and incubating with elles ( Figure 2 ). The organelles were highly pleiomorphic, labeled secondary antibodies. In proximal dendrites ranging in shape from apparently spherical structures (10-20 m from the soma), less than half of the vesicles at or below the limit of resolution of light microscopy to were double labeled (38.9% Ϯ 4.4%, mean Ϯ SEM), tubular organelles more than a micrometer long. The indicating an abundance of putative exocytic carrier variable morphology of these organelles is consistent vesicles en route to the plasma membrane in this region with previous studies of transport carriers containing 
, 1998). Transport
This report provides evidence that microtubule-based transport has the specificity required to target a sorted was inhibited Ͼ80% following a 60-90 min incubation with the microtubule-disrupting agent, nocodazole, indiprotein to the correct cellular domain. The transport of vesicles containing TfR was almost exclusively directed cating that transport was microtubule based (TfR-GFP: 84.7% Ϯ 8.5% inhibition; NgCAM-GFP: 80.2% Ϯ 9.6%, into dendrites, and this selective transport alone is sufficient to account for the polarization of TfR on the denmean Ϯ SD). dritic surface. Downstream selectivity mechanisms may also exist, but these would be redundant. Our results
Selectivity of Vesicle Transport
If protein polarization is determined by selective vesicle also show that selective transport is not required for the targeting of all polarized neuronal proteins. NgCAM is transport, then the number of vesicles containing a given protein that move from the cell body into axons or denconcentrated in the axonal plasma membrane despite its abundant transport into dendrites. Thus, our results drites should reflect the degree of polarization of that protein at the cell surface. To assess this, we measured demonstrate that at least two distinct mechanisms underlie the selective targeting of polarized proteins in the number of anterogradely moving vesicles in the proximal dendrites and axons of cells expressing either nerve cells: one mechanism, for the targeting of dendritic proteins, operates at the level of microtubule-based TfR-GFP or NgCAM-GFP.
Transport of TfR-GFP was highly selective. Vesicles transport; a second, for axonal proteins, operates at the level of the plasma membrane. traveling away from the cell body were frequently observed within proximal dendrites but rarely entered the We cannot say whether these rules will hold for the targeting of all dendritic or axonal proteins. Presumably, axon. This is illustrated by the cell shown in 
